ABSTRACT In field tests conducted in south Florida to test grape juice as a bait for the Caribbean fruit fly, Anastrepha suspensa Loew, high numbers of Zaprionus indianus Gupta were captured in traps with aqueous grape juice. These experiments included comparisons of grape juice bait with established A. suspensa protein-based baits (ammonium acetate þ putrescine lures, or torula yeast) or wine, a bait found previously to be attractive to Z. indianus. Effects of different preservatives (polypropylene glycol, polyethylene glycol, proxel, or sodium tetraborate) and bait age were also tested. Traps with grape juice baits captured more A. suspensa than unbaited traps, but more were captured in traps with grape juice plus preservative baits and the highest numbers were captured in traps containing the established protein-based baits. In contrast, grape juice baits without preservative that were prepared on the day of deployment (0 d) or that were aged for 3-4 d in the laboratory captured the highest numbers of Z. indianus, while solutions that were aged in the laboratory for 6 or 9 d captured fewer. Although these studies found that aqueous grape juice is a poor bait for A. suspensa, we found that actively fermenting aqueous grape juice may be an effective bait for Z. indianus.
The Caribbean fruit fly, Anastrepha suspensa (Loew), is a production pest of guava and a regulatory pest of commercial citrus production in Florida (Greany and Riherd 1993) . Liquid protein baits have long been the established baits for this and other tropical tephritids, with aqueous torula yeast-borax bait (Lopez et al. 1971 ) used most commonly for Anastrepha spp. fruit flies. Traps baited with a two-component synthetic lure comprised ammonium acetate and putrescine, identified from chemicals emitted from liquid protein bait , have been found to capture more A. suspensa than traps baited with aqueous torula yeast-borax (Epsky et al. 2011) . A drosophilid, Zaprionus indianus Gupta, was first found in the United States in Florida in 2005 (Steck 2005 ). This drosophilid has spread rapidly and is now widely distributed in much of North America (van der Linde et al. 2006; Biddinger et al. 2012; Werle et al. 2012; van der Linde 2013) . It is potentially a primary pest of one cultivar of edible figs in Brazil (Vilela and Goñ i 2015) , but has been associated principally with damaged fruit (Steck 2005) . It has been found in traps baited with apple cider vinegar in surveys for the spotted wing drosophila, Drosophila suzukii (Matsumura) (Biddinger et al. 2012) and in traps baited with wine or with wine plus vinegar (Epsky et al. 2014a ). There is interest in developing synthetic baits for this drosophilid (Cha et al. 2015) and for finding new and improved attractants for both species.
Research reported from Brazil found that traps with grape juice bait captured more Anastrepha fraterculus (Wiedemann) than traps with protein bait or with ammonium acetate and putrescine, although in a separate study, grape juice bait captured fewer flies than torula yeast extract (Scoz et al. 2006) . Subsequent research found that grape juice was an effective bait for the Mexican fruit fly, Anastrepha ludens (Loew) (LoeraGallardo et al. 2006 , Lopez Arroyo and Loera Gallardo 2008 , Mangan and Thomas 2014 . Grape juice bait ferments over time after preparation, which changes the odor chemistry and potentially alters bait attractiveness. Change in attraction with bait age has been found in tests of fermenting sugar baits. For example, when traps were sampled and bait recycled daily for 10 d, the highest capture of the papaya fruit fly, Toxotrypana curvicauda Gerstaecker (Diptera: Tephritidae), was in traps baited with aqueous brown sugar solution that were sampled after 3 d (Castrejón-Gómez et al. 2004) . Conflicting reports on effect of bait aging on capture of tephritids in liquid protein baits have been reported, with Malo (1992) reporting improved capture of Anastrepha spp. in laboratory-aged torula yeast-borax solutions in field tests conducted in Mexico, and Epsky et al. (1993) finding decreased capture of A. suspensa in the same bait that was field-aged in tests conducted in Florida. The identification of a synthetic chemical blend based on attractive grape juice volatiles would provide the opportunity to develop a stable and long-lasting lure in a controlled release dispenser, independent of microbial fermentation (Massa et al. 2008 , Robacker et al. 2011 . Identification of the time period of fermentation that will produce the most attractive baits will facilitate identification of volatile chemicals responsible for increased capture.
Use of preservatives with baits can also affect bait fermentation and production of volatile attractants. Preservatives are added to aqueous solutions to preserve bait and flies, as well as to reduce bait evaporation and fly escape (Epsky et al. 2014b) . Preservatives used for tephritids include polypropylene glycol (PPG), borax (Epsky et al. 2014b) , proxel (Moreno and Mangan 2002) , and polyethylene glycol (PEG; Mangan and Thomas 2014) . Presence of and choice of preservative may affect bait effectiveness either directly by adding additional volatile attractants, or indirectly by affecting rate and amount of fermentation. For example, PPG was found to contribute to attraction when used with protein bait in some tests of A. ludens and A. suspensa (Thomas et al. 2001) but not in other tests of A. suspensa (Hall et al. 2005) . Mangan and Thomas (2014) found no effect of preservative on numbers of A. ludens captured with grape juice bait (Mangan and Thomas 2014) . Drosophilids are highly attracted to products of fermentation (Hunter et al. 1937) . Thus, use of preservative in grape juice bait is a potential factor in bait effectiveness.
We report herein the results of field trials to determine if A. suspensa and Z. indianus adults are attracted to grape juice bait. Factors evaluated were 1) effect of aging the baits either in the laboratory prior to field placement with baits replaced at time of sampling, or in the field with baits recycled and replaced in the trap at time of sampling, and 2) effect of presence and choice of preservative.
Materials and Methods
Field Sites. Tests were conducted in guava, mango, and carambola trees located at the U.S. Department of Agriculture-Agricultural Research Service (USDA-ARS), Subtropical Horticulture Research Station in Miami, FL (Experiments 1, 2, and 5), and in guava trees located at the University of Florida Tropical Research and Education Center in Homestead, FL (Experiments 3, 4, 6, and 7). Trees were in fruit during the time of the tests and there were numerous fallen fruit on the ground that provided reproduction sites for drosophilids. All traps were placed 1.5 m above ground in branches of trees with ripe fruit. Blocks consisted of either a single large tree, with all treatments in traps placed around the periphery (Miami site), or in rows of trees, with one trap placed per tree (Homestead site). There were at least 5 m between traps within a single tree block and at least 10 m between traps placed in a row of trees. A randomized block design was used for all tests. (Epsky et al. 2014a ). Preservatives and soap were added at the time of initial preparation, and for experiments that included effect of bait age, baits were aged either in the laboratory prior to placement in the field (Experiments 1, 2, 4, and 5) or in the field with the bait recycled and placed back in the trap at time of insect sampling (Experiments 3 and 6). Baits that were aged in the laboratory were held in buckets (3 liter) that were closed with cheesecloth, and were held at room temperature (26.7 6 2.0 C) until deployment in the field. Experiment 7 did not evaluate bait age as a factor.
At time of sampling, captured insects were removed, placed in ethanol (75%), and transported back to the laboratory for identification and counting. For all studies, numbers of female and male A. suspensa were recorded. For some experiments (Experiments 1, 2, and 4) only total number of Z. indianus were recorded; however, numbers of females and males were recorded in the remaining experiments. Numbers of nontarget drosophilids were also recorded but were not identified further.
Experimental Approach. Experiments 1-3 evaluated 90% aqueous grape juice bait without preservative versus bait with one of three different preservatives (PPG, borax, and proxel). These experiments also included one of the established A. suspensa attractants or an unbaited trap with preservative as a control. As treatment effect was the primary factor of interest, most of the experiments evaluated all baits of the same age simultaneously with different bait age groups tested sequentially. However, Experiment 4 evaluated 90% aqueous grape juice with and without PPG that had aged 0 and 3 d as simultaneous preparations to allow direct comparison. Experiment 5 evaluated 90% aqueous grape juice and wine, both baits with and without preservative, with different age groups tested sequentially. Experiment 6 evaluated the combination of ammonium acetate þ putrescine lures with 90% aqueous grape juice bait to determine if the combination of these attractants could be used to optimize capture of both species. Finally, Experiment 7 compared 90% aqueous grape juice bait with PPG (the bait tested most often herein) with 50% aqueous grape juice bait with PEG, which was the bait used successfully in tests for A. ludens (Mangan and Thomas 2014) versus unbaited traps with preservative only.
Experiment 1: Grape Juice and PPG. The objective of this experiment was to test the effect of PPG as a preservative on the attractiveness of grape juice with ammonium acetate þ putrescine as a positive control. Tests were conducted in guava in Miami, FL. Treatments tested were 1) grape juice, 2) grape juice þ PPG, and 3) ammonium acetate þ putrescine with PPG solution as retention fluid. Grape juice solutions with and without a preservative were prepared at the start of the experiment and were deployed immediately (0 d old) or were aged in the laboratory until they were deployed sequentially after 3, 6, and 9 d to minimize the potential fermentation and changes in bait odor profile by microbes introduced by trapped insects. Tests were initiated on 17 July 2012. There were three blocks and traps were sampled every 3-4 d for 13 d. The grape juice solutions were discarded, traps were baited with laboratory-aged solutions, and traps were rotated sequentially to the next position at time of sampling.
Experiment 2: Grape Juice and Borax. The objective of this experiment was to test the effect of borax as a preservative on the attractiveness of grape juice. Tests were conducted in guava and mango in Miami, FL. Treatments tested were 1) grape juice, 2) grape juice þ borax þ soap, and 3) unbaited control with aqueous borax þ soap retention fluid. Grape juice solutions were prepared at the start of the experiment and were deployed immediately (0 d old) or were aged in the laboratory until they were deployed sequentially after 3 and 6 d. Tests were initiated on 7 August 2012. Six blocks of traps were placed with three blocks in guava trees and three blocks in mango trees. Traps were sampled every 3 d for 9 d. The grape juice solutions were discarded, traps were baited with laboratory-aged solutions and traps were rotated sequentially to the next position at the time of sampling.
Experiment 3: Grape Juice and Proxel. The objective of this experiment was to test the effect of proxel as a preservative on the attractiveness of grape juice with torula yeast þ borax as a positive control. Tests were conducted in guava in Homestead, FL. Treatments tested were 1) grape juice, 2) grape juice þ proxel, and 3) torula yeast-borax solution. Tests were initiated on 5 August 2013, and there were 10 blocks of traps. Traps were sampled twice a week, with fresh bait used at the start of each week (0 d old) and recycled bait used when sampled mid-week (3 d old). The test was conducted for 14 d, with traps rerandomized at each sampling.
Experiment 4: Grape Juice With or Without PPG, and Aged 0 or 3 d. The objective of this experiment was to test directly the effect of bait aging and PPG on the attractiveness of grape juice to A. suspensa and Z. indianus. Tests were conducted in guava in Homestead, FL. Treatments tested were 1) 0-d-old grape juice, 2) 3-d-old grape juice, 3) 0-d-old grape juice þ PPG, and 4) 3-d-old grape juice þ PPG. All 3-d-old baits were aged in the laboratory, all baits were replaced and traps were rotated sequentially at the time of sampling. Tests were initiated on 20 May 2013, there were six blocks of traps, and traps were sampled every 3-4 d for 14 d.
Experiment 5: Grape Juice and Wine Baits. The objective of this experiment was to compare the attractiveness of grape juice and wine to A. suspensa and Z. indianus with and without preservative (borax þ soap). Tests were conducted in guava, mango, and carambola in Miami, FL. Treatments tested were 1) grape juice, 2) grape juice þ borax þ soap, 3) wine, and 4) wine þ borax þ soap. All baits were prepared at the start of the experiment and were deployed immediately (0 d old) or were aged in the laboratory until deployment (4, 8, and 11 d old). Tests were initiated on 20 August 2012, and there were six blocks of traps. Traps were sampled every 3-4 d. The test was conducted for 14 d, with traps rerandomized at each sampling.
Experiment 6: Combination of Ammonium Acetate and Putrescine with Grape Juice Bait. The objective of this experiment was to test whether grape juice and ammonium acetate þ putrescine bait could be combined to provide a bait attractive to both A. suspensa and Z. indianus. Experiment 6 was conducted in guava in Homestead, FL. Treatments tested were 1) ammonium acetate þ putrescine, 2) grape juice, 3) grape juice þ ammonium acetate þ putrescine, 4) grape juice þ PPG, and 5) grape juice þ PPG þ ammonium acetate þ putrescine. Traps were sampled twice a week, with fresh grape juice bait (0 d old) and recycled bait (3 d old) tested sequentially per week. The test was initiated on 8 July 2013, with six blocks of traps. Traps were sampled every 3-4 d for 13 d, and traps were rotated sequentially at time of sampling.
Experiment 7: Grape Juice plus PPG and Grape Juice plus PEG baits. The objective of this experiment was to compare grape juice formulation used primarily in the tests of A. suspensa reported herein (grape juice plus PPG) with grape juice formulations found to be attractive to A. ludens (grape juice plus PEG; Mangan and Thomas 2014) . Experiment 7 was conducted in guava in Homestead, FL. Treatments tested were 1) grape juice (90%) plus PPG (10%), 2) grape juice (50%) þ PEG (1%), 3) unbaited control with PPG (10%), and 4) unbaited control with PEG (1%). Traps were sampled once a week and traps were baited with fresh bait each week. The test was initiated on 17 July 2014 and there were 10 blocks of traps. Traps were sampled after 7-8 d for 15 d with traps rerandomized after sampling.
Statistical Analysis. Effect of treatment and bait age were analyzed by two-way analysis of variance (ANOVA) in a factorial model with interaction (Proc GLM, SAS Institute 2000, Cary, NC). One-way ANOVA followed by Tukey's mean separation (P ¼ 0.05) was used for analysis of significant factors from factorial models or for experiments that tested effect of treatment as a single factor. Data were transformed prior to analysis to satisfy conditions of equal variance (Box et al. 1978) . Numbers of total flies per trap per day and percentage female if captured flies August 2015 EPSKY ET AL.: GRAPE JUICE BAITwere sexed were used for analysis, with separate analyses for each species and each experiment. Summary statistics are presented as average 6 SD. Large numbers of nontarget drosophilids were captured in these studies. Sum totals per treatment per test were converted to percentage to determine the overall response to the different treatments, but no further analysis was conducted due to the mixture of species.
Results
Experiment 1: Grape Juice and PPG. In total, 741 A. suspensa and 9,954 Z. indianus were captured in this study. There were significant interactions between bait age and treatment for both A. suspensa and Z. indianus (F ¼ 4.67; df ¼ 6, 24; P ¼ 0.0028; and F ¼ 3.39; df ¼ 6, 24; P ¼ 0.0145, respectively). Because treatment was the factor of primary interest, one-way ANOVAs were conducted separately for each bait age and for each species. There was no effect of treatment on capture of either species when fresh grape juice solutions were tested against ammonium acetate and putrescine lures (Table 1) . However, traps baited with ammonium acetate and putrescine captured the highest number of A. suspensa when tested against either grape juice bait treatment that was laboratory aged for 3, 6, or 9 d. Similarly, there was no difference in numbers of A. suspensa captured in either grape juice bait treatment that was laboratory aged for 3 d, but grape juice plus PPG captured more flies than grape juice without preservative when 6-and 9-d-old baits were tested. Traps baited with 3-d-old grape juice bait without preservative captured the highest number of Z. indianus over all treatments, and significantly more than the two baits tested at the same time. Numbers captured with 6-and 9-d-old grape juice without preservative decreased, but were still higher than with ammonium acetate and putrescine. Captures in grape juice baits with preservative that were 6-and 9 d old were intermediate to capture in the other two baits.
Only A. suspensa adults were sexed in this experiment, and there was no effect of bait age or treatment on percentage of female flies per trap. When averaged over all traps, 92.6 6 0.2% of the A. suspensa captured were female. In total, 783 nontarget drosophilids were also captured, with >92% captured in the grape juice without preservative. Only 6% of those were captured in the fresh grape juice bait, but equal numbers were captured in the 3-, 6-, and 9-d-old grape juice.
Experiment 2: Grape Juice and Borax. No A. suspensa were captured in traps placed in mango, but there were 69 flies captured in guava so only data from the three blocks in guava were analyzed. There was no effect of either bait age or treatment on percentage females captured, which averaged 88.0 6 18.7 females per trap over the whole experiment. Bait age did not affect the number of A. suspensa captured, so data were pooled from all samples per treatment for analysis. Treatment did affect the number of A. suspensa captured (Table 2 ). Highest capture was in traps baited with grape juice plus borax and soap.
In total, 5,085 Z. indianus were captured in mango and guava. These flies were not sexed, so percentage female was not determined. There was an interaction between bait age and treatment (F ¼ 12.83; df ¼ 4, 45; P < 0.0001), so separate ANOVAs were conducted for effect of treatment within each bait age test ( Table 2) . As was observed in Experiment 1, there was no difference in capture in grape juice with or without preservative when fresh bait was deployed (0 d old). However, capture in laboratory-aged grape juice bait was greater than capture in either grape juice plus borax and soap or the control with borax and soap alone for both 3-and 6-d-old baits. Overall, the greatest numbers of Z. indianus were obtained with 3-d-old grape juice bait. There were no differences in Z. indianus capture in traps with grape juice plus borax plus soap and unbaited traps for any bait age tested.
In total, 578 nontarget drosophilids were captured in this test. Of these, 99% drosophilids were captured in the grape juice without preservative, with 54% of those captured in the 3-d-old bait. Equal numbers were captured in the fresh and 6-d-old baits.
Experiment 3 -Grape Juice and Proxel. In total, 1,465 A. suspensa were captured in this test. There was no interaction between treatment and bait age or effect of bait age on number of A. suspensa captured, so data Baits tested were aqueous grape juice (90%), aqueous grape juice (90%), and ammonium acetate (AA) lures and putrescine (Pu) lures. Preservative tested was PPG. Baits with grape juice were prepared on the day of deployment (0 d old) or were aged in the laboratory prior to deployment in the field, and the ammonium acetate (AA) and putrescine (Pu) lures were not replaced during the field test (n ¼ 3 per bait age).
Means followed by the same letter within a row are not significantly different (Tukey's mean separation test on log (x þ 1)-transformed data, P ¼ 0.05, nontransformed means presented).
were pooled from all samples per treatment for analysis. Treatment affected the number of A. suspensa captured (Table 3 ) and the highest capture was in traps baited with aqueous torula yeast-borax. Treatment did not affect percentage of females captured per trap (F ¼ 0.46; df ¼ 2, 96; P ¼ 0.6327), and 81.3 6 23.2% of the total A. suspensa captured in the test were female.
In total, 3,885 Z. indianus were captured. There were significant interactions between bait age and treatment for both total Z. indianus per trap per day (F ¼ 74.18; df ¼ 2, 114; P < 0.0001) and percentage females (F ¼ 11.18; df ¼ 1, 41; P ¼ 0.0018); therefore, the two-bait age groups were analyzed separately for each response variable (Table 3 ). The aqueous grape juice bait captured the most flies with few or none captured in the other two baits when either freshly prepared or after aging in the trap for 3 d. The highest numbers of flies were captured when the fresh grape juice bait was deployed. There was little change in percentage females captured in the aqueous grape juice whether it was 0 or 3 d old, although the capture in grape juice with proxel was strongly female-biased when 0 d old but percentage dropped when 3 d old. Too few flies were captured in the torula yeast-boraxbaited traps for analysis. There were 543 nontarget drosophilids captured, with 94% captured in the grape juice bait without preservative. In this test, 76% of those drosophilids were captured in the fresh grape juice bait.
Experiment 4: Grape Juice With or Without PPG, and Aged 0 or 3 d. In total, 1,161 A. suspensa and 11,590 Z. indianus were captured in this study. Treatment affected capture of both species (Table 4) . More A. suspensa were captured in traps baited with aqueous grape juice with PPG than in aqueous grape juice without preservative for both 0-and 3-d-old baits. Treatment had no effect on percentage female trapped, which was 69.8 6 9.0% averaged over all traps. The highest capture of Z. indianus was in traps baited with aqueous grape juice without preservative, and there was no difference between bait tested at 0 or 3 d. The lowest capture was in 0 d aqueous grape juice bait with PPG with intermediate capture in 3-d-old grape juice bait with PPG. Treatment had no effect on percentage female Z. indianus captured, which averaged 45.5 6 12.1% over all traps. Capture of nontarget drosophilids was higher in this study, with 4,656 captured. Most of these were captured in the aqueous grape juice without preservative, with 42 and 29% captured in the 0-and 3-d-old treatments, respectively. Baits tested were aqueous grape juice (90%) without or with preservative (1% borax and 0.0125% unscented dish soap); or traps were unbaited (preservative only). Baits with grape juice were prepared on the day of deployment (0 d old) or were aged in the laboratory prior to deployment in the field. No A. suspensa were captured in the three blocks in mango, so these blocks were deleted prior to analysis. There was no affect of bait age on capture of A. suspensa so data from all bait age groups were pooled for analysis (n ¼ 3 per treatment for A. suspensa, n ¼ 6 per bait age and treatment for Z. indianus).
Means followed by the same letter within a row are not significantly different (Tukey's mean separation test on log (x þ 1)-transformed data, P ¼ 0.05, nontransformed means presented). Baits tested were aqueous grape juice (90%), aqueous grape juice (90%) with proxel (0.002%), and aqueous torula yeast-borax. Baits were prepared on the day of deployment (0 d old) and were recycled at time of initial sampling (3 d old). There was no affect of bait age on capture of A. suspensa, so data from both bait age groups were pooled for analysis (n ¼ 20 per treatment for A. suspensa, n ¼ 10 per bait age and treatment for Z. indianus).
a Means followed by the same letter within a row are not significantly different (Tukey's mean separation test on log (x þ 1)-transformed data, P ¼ 0.05, nontransformed means presented).
b Means followed by the same letter within a row are not significantly different (Tukey's mean separation test on square root (x þ 0.5) transformed data, P ¼ 0.05, nontransformed means presented).
c na ¼ data not available, no flies captured in 0-d-old bait, one female captured in 3-d-old bait.
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Experiment 5 -Grape Juice and Wine Baits. In total, 520 A. suspensa and 16,436 Z. indianus were captured in this study. There was no interaction between bait age and bait, and no effect of bait on the number of A. suspensa captured. Therefore, data were pooled from all samples per bait age for analysis and the effect of bait age was significant (Table 5 ). The highest capture was with 4-d-old baits, the lowest capture was with 0-d-old baits, with intermediate capture in 8-and 11-dold baits. Neither factor affected percentage of females captured, which averaged 75.3 6 26.6% over all traps.
There was an interaction between bait age and treatment for number of Z. indianus captured (F ¼ 3.78; df ¼ 9, 76; P ¼ 0.0006) so separate comparisons were conducted within each bait age group (Table 5) . Aqueous grape juice bait caught more flies than the other baits when all were deployed initially. There was no difference among treatments when the baits were recycled after 4 d in the field, although the highest capture numerically was in the 4-d-old aqueous grape juice. When 8-d-old baits were tested, both grape juice baits captured more flies than both wine baits, but the highest capture numerically was in the aqueous grape juice plus preservative bait. Grape juice plus preservative captured more flies than either grape juice without preservative or wine with preservative, with intermediate capture in the wine without preservative bait. In total, 3,494 nontarget drosophilids were captured in this study. Capture of nontarget drosophilids followed the same overall pattern as Z. indianus. When summed over the entire study, 72% of the nontarget drosophilids were captured in the aqueous grape juice baits, including both with and without preservative. When the different bait age groups were evaluated separately, the highest percentages were captured in the 0-and 4-dold grape juice without preservative (71 and 41%, respectively), but in the grape juice with preservative when baits were 8 and 11 d old (65 and 63%, respectively).
Experiment 6: Combination of Ammonium Acetate and Putrescine with Grape Juice Bait. In total, 1,694 A. suspensa and 25,889 Z. indianus were captured in this study. There were no interactions between treatment and bait age on number of either species captured (F ¼ 0.65; df ¼ 4, 110; P ¼ 0.6302; and F ¼ 0.90; df ¼ 4, 119; P ¼ 0.4659, respectively). Therefore, fly captures over both bait ages were pooled and analyzed by one-way ANOVA (Table 6 ). The highest capture of A. suspensa was in traps baited with ammonium acetate and putrescine alone, grape juice plus PPG or the combination of grape juice, PPG, ammonium acetate, and putrescine. The opposite results were obtained with capture of Z. indianus. For this species, the highest captures were in traps baited with aqueous grape juice and with aqueous grape juice, ammonium acetate, and putrescine. Very few Z. indianus were captured in the other three treatments. There was no effect of treatment or bait age on percentage of female A. suspensa and Z. indianus captured, which were 85.6 6 14.6 and 69.6 6 16.2%, respectively, over all captures. There were 7,814 nontarget drosophilids captured, with essentially all captured in traps baited with aqueous grape juice without preservative either with or without ammonium acetate and putrescine (44 or 53%, respectively).
Experiment 7: Grape Juice plus PPG and Grape Juice plus PEG baits. In total, 217 A. suspensa and 4,004 Z. indianus were captured in this study. Treatment affected capture of both A. suspensa and Z. indianus (Table 7) . Both aqueous grape juice baits with preservative captured more A. suspensa than unbaited traps containing aqueous preservative only, but there were no differences in capture within the baited or unbaited traps, regardless of preservative or concentration of grape juice. More Z. indianus, however, were captured in traps baited with 50% grape juice with 1% Bait tested was aqueous grape juice (90%) without and with the preservative PPG (10%). Freshly prepared (0 d old) or as laboratoryaged (3 d old) baits were deployed concurrently for direct comparisons (n ¼ 6).
Means followed by the same letter within a row are not significantly different (Tukey's mean separation test on log (x þ 1)-transformed data, P ¼ 0.05, nontransformed means presented). Baits tested were aqueous grape juice or wine (90%), and aqueous grape juice or wine (90%) with borax (1%) and unscented dish soap (0.0125%). All baits were prepared on the day of deployment (0 d old) and were aged in the laboratory prior to deployment in the field (4, 8, and 11 d) (n ¼ 6 per bait age).
PEG than in the other baited or unbaited treatments. There was no effect of treatment on percentage females per trap for either species, which were 85.9 6 19.9 female A. suspensa and 78.2 6 22.6% Z. indianus over all captures. Again, capture of nontarget drosophilids was similar to capture of Z. indianus. Of the 1,751 nontarget drosophilids captured, essentially all (95%) were in traps baited with 50% grape juice with 1% PEG.
Discussion
Unlike results reported for other Anastrepha spp., fewer A. suspensa were captured in traps baited with aqueous grape juice bait than in traps baited with established protein-based baits. The tests conducted for A. ludens in Mexico found no difference between grape juice bait with or without preservative (Mangan and Thomas 2014) . Similar results were found in our two experiments (3 and 6) that evaluated field-aged baits. However, when laboratory-aged baits were tested, the aqueous grape juice with preservative tended to capture more A. suspensa than those without preservative. Observations of the laboratory-aged 90% grape juice baits found that addition of any of the preservatives and soap prevented or greatly delayed the onset of microbial growth in the solution (N.D.E., unpublished data). Thus, either loss of attractive chemicals from fresh grape juice or production of repellant chemicals due to microbial growth during the aging may have resulted in reduced capture of A. suspensa in the laboratory-aged grape juice baits without preservative over time. This effect was not observed in the field-aged grape juice baits, possibly because microbial growth in the bait was accelerated owing to the higher temperatures in the field or the introduction of microorganisms by insects captured in the bait. Effects of fermentation of sugar baits on tephritids capture have been reviewed by Epsky et al. (2014b) , and similar variation has been found among different studies. Differences in ambient temperature and numbers of insects captured in field tests, as well as type of bait, may explain differences in effects of bait age that have been reported.
Aqueous grape juice bait was very effective for Z. indianus capture, with higher capture in actively fermenting baits for most of the experiments. Role of active fermentation in capture of this drosophilid was apparent in that the aqueous grape juice bait tended to be most attractive when presented either as 0-4-d laboratory aged, with capture decreasing in older baits. When any of the preservatives were used, there was either no capture or capture was delayed until the bait had aged at least 6 d, indicating that microbial suppression by that preservative was lost by that time. Effect of preservative was not observed when aqueous wine was used as bait, indicating that fermentation had already taken place and there was little substrate remaining for microbial activity. In tests of wine plus vinegar bait that was laboratory aged, Landolt et al. (2012) found no effect of bait age on capture of D. suzukii. Addition of borax to wine in our study had no effect on Z. indianus capture, again indicating no role of active fermentation on response of this fly to aqueous wine bait. The combination of wine and vinegar attracted more Z. indianus than wine alone (Epsky et al. 2014a ), but further tests are needed to determine if addition of vinegar to grape juice would further increase fly capture.
Traps baited with the combination of the A. suspensa-targeted ammonium acetate and putrescine in combination with the Z. indianus-targeted aqueous grape juice bait without preservative (Experiment 6) were tested to determine if a single trapping system could be used to monitor both species. The combination decreased target fly capture numerically but the differences were not significant. Thus, although use of the targeted lure or bait may capture the highest number of individuals of that species, the combination of the two would provide an attractant that could be used to capture both species in a single trap. This would reduce costs due to labor and trap handling needs.
One of the problems with using the traps baited with the aqueous grape juice without preservative or surfactant was the high percentage of flies that remained active in the trap and were not retained in the liquid. This made it difficult to sample the traps, requiring the traps to be bagged and placed in a cold room to kill the The test included traps baited with aqueous grape juice (50%) with PEG (1%) and aqueous grape juice (90%) with PPG (10%), or unbaited traps that contained preservative only (n ¼ 10).
Means followed by the same letter within a row are not significantly different (Tukey's mean separation test on log (x þ 1)-transformed data, P ¼ 0.05, nontransformed means presented). Baits tested included ammonium acetate (AA) lures, putrescine (Pu) lures, aqueous grape juice (90%), and aqueous grape juice (90%) with PPG (10%). Baits were tested as fresh (0 d old) and as recycled (3 d old; n ¼ 6).
August 2015 EPSKY ET AL.: GRAPE JUICE BAITflies for counting when very high numbers were trapped. Although the test of 50% grape juice bait with 1% PEG was primarily a test of effectiveness for capture of A. suspensa, this bait was much more effective for Z. indianus capture and retention than the 90% grape juice bait with 10% PPG used for most of our tests. Active fermentation of this bait was apparent when traps were sampled after 1 wk in the field. While there was no growth in the grape juice-PPG-baited traps, there was heavy mat-like growth in many of the grape juice-PEG-baited traps. Although this increased the difficulty of sampling the retained flies, it does indicate that reduction in the concentration of the PPG in the grape juice bait or change in the ratio of grape juice to preservative-surfactant may allow active fermentation while improving retention of attracted flies. Although these studies were initiated with the aim of finding an improved bait for A. suspensa, we found instead that fermenting aqueous grape juice can be a highly effective bait for Z. indianus. As was observed by Massa et al. (2008) and other studies on wild fermented baits, these systems are highly dynamic and variable among different tests and in different environments. Identification of attractive volatile chemicals will lead to development of synthetic lures that will allow release of attractants in optimized rates and ratios. Synthetic lures have been developed for D. suzukii (Cha et al. 2014 ) and Z. indianus (Cha et al. 2015 ) based on volatile chemicals from wine and vinegar bait. Identification of additional chemicals from fermenting grape juice baits may further improve the synthetic lure for Z. indianus. Availability of highly effective synthetic lures will lead to improved detection capabilities and may also facilitate development of attract and kill systems that could be used for population suppression and control of pest drosophilids.
